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ABSTRACT '

‘The U.S. Army has developed an Upgraded Logic Module
(ULM) for use in its Infantry Direct Fire Simulator System
(IDFSS). It is designed to analyze data collected from
associated instrumentation according to prescribed program-
! ming, to report results back to the system contrel via a

telemetry interface, and it can be backpack mounted.

The thermal environment existing at Ft. Hunter Ligge:t:,
Ca. {(tne primary operating environment for the ULM) during
the summer will add an abnormal thermal load to the ULM
operating environment in the backpack.

A mock-up of the actual ULM was built to model the heat
dissipation of all the components and tested in different
environments using extreme power consumpticn rates. The
actual ULM was tested with typical power consumption rates
and various environmental temperatures, including solar
loading. Under tvpical operating conditions, the ULM will
remain within manufacturer’'s tolerances for individual
component temperatures. However slight increases in pcower
consumption rates will severely stress the reliability
limits of certain components, and the reliability of the

entire system cannot be predicted.
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I. INTRODUCTICON

A. BACKGROUND OF THE ULM

The U.S. Army Combat Developments Experimentaticn
Command (CDEC), conducts combat experiments at Ft. Hunter
Liggett , California, often involving infantry and vehicle
players in mock battle. These experiments are designed to
test various weapons systems, strategies, vehicles, and
personnel under equally varied conditions.

Players are generally instrumented to monitor the battle
activity and are linked to a main computer system via telem-
etry devices. The instrumentation utilized must operate
unéer dusty conditions, high vibration, and in temperatures
ranging from 10 fahrenheit in the winter to 120 fahrenheic
in the summer.

Prior to the experiment, player instrumentation is
planned and designed to fit the particular parameters of the
experiment. Maximum use of existing equipment is planned
whenever possible. However, due to the unigueness of many
of the experiments--in terms of equipment and scope--new
devices, cables, and mounting hardware must be designed or
existing inventory modified. For these reasons and due to
the high frequency of new experiments, there is a constant
process of upgrading and re-designing existing equipment to

meet the needs of the current experiment--with little regard

given to the uses for future requirements.
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The unfortunate consequences of this type of design

process are many:

Existing hardware--although functionally adequate--
may not be compatible with other existing hardware.

Due to modifications, documentation is often poor and
usually only addresses the experiment of the original
design.

These poorly designed functional modules are extremely
difficult for new personnel to use in the planning of
new experiments.

Finally, much of the equipment has become obsclete and
hard to maintain.

For these reasons CDEC has developed the Upgraded Logic

Module (ULM) to replace the Logic Module of the Infantry
Direct Fire Simulator System. The objectives of the ULM

design are:

Support the infantry player with minimum size and
welght, yet allow expansion of functions where size
and welght are not critical.

Fit the existing backpack.
Use a microprocessor such that the inherent flexibility
of the program memory can be used to meet future

reqguirements without re-design.

Provide input and output interfaces with sufficient
flexibility to support the diverse player configurations.

3e compatible with existing units and cables to the
maximum possible extent.

Use conventional packaging techniques to simplfv parts
procurement, assembly, maintenancs, and repair.

Provide hermetic sealing to protect against dust.

Provide general purpose bus interfaces for adding
other developed equipment.




rIlIlllllllH=:—“"""""""""'""""""""""'--'-'-----ur —~1‘

Partition the hardware and firmware into sharply '
defined functional modules to make the design easier
to understand, to simplify the documentation, and to
provide the ability to meet future requirements by
redesigning a module instead of the entire ULM {Ref. 1l].
B. OBJECTIVES
The thermal characteristics of the ULM were a prime
consideration during the design process. Components chosen
were specifically required to be capable of operation in the
liigh temperature of the ULM. It was recognized that the
small size of the ULM and the large number of integrated
circuits could challenge the stress limits of current micr
electronic packaging techniques [Ref. 2]. Additionally +!
high ambient temperatures existing at Ft. Hunter Liggett
during the summer months wculd vlace an additional thermal
load on the ULM which cannot be accurately predicted.
| Thus the purpose of this test and analysis is to check

m the thermal performance of the ULM, Specifically tests

were designed to:

* Determine if the ULM coperating under typical conditions
of power consumption and environment would remain
within the reliability limits specified by manufacturers
for their individual components.

* Attempt to predict performance under off-design
conditions.

Using resistors to produce the heating characteristics

of the individual internal components, a model was designed

and constructed to simulate the power dissipation of the

actual ULM. To accomplish the above objectives, both the




mocdel and the ULM were instrumented with thermocouples <o
measure temperatures at speciiic locations and on speciiic

components.

C. DEVICE DESCRIPTION

The Upgraded Logic Model (ULM) is an integral part cf
the Infantry Direct Fire Simulator Svstem (IDFSS) respon-
sible for the collection cf data from infantrvmen instru-
mented 1n connection with a ccmbat development experiment.
It analyzes data according to its programming for that
experiment and reports results via a telemetry interface
back to the system control computer center.

The ULM consists of two circuit boards hcused in a
machined casct aluminum case with cutside dimensions of
1.75x5x10 in. The circuit bcards are made of multi-layered
3lass 2poxy and copper circuits. The fully populated bcaris
and case welgh approximately £ive pounds. Its power ccn-
sumption is ra*ed 2t a maximum of 15 watts at 3 volts,
with a tvpical usage of 7 to 9 watts at 5 volts [Ref. 3].

The case is made of two separate halves, each containing

one of the circuit bcards and one of the connectors shown in

1)

igure 1.1. The half containing the J1 connector houses the
CPU board, and the one containing the J2 connector houses

the I/0 board. The two boards are connected by a fifty pin
ribbon connector, and when the two halves are assembled, the

~cps of the components from each board face each othar. The

19
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poards are fastened by 12 hex head machine screws with 2
zasket between the two halves cf the case for dust
protection.

The circuitry consists of a Central Processing Unit
(CPU) Board and an Input/Cutput . .’0) Board, depicted 1in
Figures 1.2 and 1.3. The CPU Board contains over 60 sepa-
rate electronic compconents, Including the 28002 16 bis
CPU(u3:.

The 1,/0 Board also contains approximatelyvy 60 electronic
components, including two Z-8 Micro-computer Drocessors
{u2,ull) andéd the 2CIO I,/0 chips{ul). The larger socket
mounted dual-in-line pin (DIP) devices are listed in
Tables 1 and 2, and are shown in Figures 1.2 and 1.3. All
components are rated by the manuiacturer Ior maximum case
temperature tolerances tc 1I3 C, except the following
devices:

u3 of the CPU
al,u2,ull,ul2, and ul3 oI the I,0
which are rated at 85 C.

The ULM is equipped with two connectors, one for power
input and the other for I,/0 signals and testing. For this
avaluation, the ULM was specially wired to give typical
power consumption rates for the system withou+t using the
I/0 connector. This allowed an 1,/0 connec+tor midification
o accommodate ‘the many thermocouple wires -0 be inserted
into the case. However this also prevented the ULMY from

being tested under atypical power consumption rates.

19
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TABLE 1

CPU MODEL DATA

UNIT I (ma) R{ohms) POWER (w)
1 90 55.55 .45
2 90 55.55 .45
3 300 16.67 1.5
5 10 500. .05
6 50 100. .25
7 50 100. .25
8 30 166.67 .15
10 90 55. .45
11 90 55. .45
12 40 125. .20
13 120 11.66 .60
14 40 125. .20
15-23 0 0 0
24 7 714.29 .04
25 6 833.33 .03
26 0 0 0
27 10 500. .05
28 60 83.3 .30
29 0 0] 0
30 60 83.3 .30
31 90 55.55 .45
32 10 500 .05
33 60 83.3 .3
34 0 0 0
35 60 83.3
36 90 55.55 .45
37 0 0 0
38 40 125. .2

15
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TABLE 2

I/0 MODEL DATA

UNIT I{ma)
1 250
2 250
3 0
4 0
5 50
6 0
8 0
9 26
10 120
11 25C
12 180
13 180
14-27 0
29 80
30 54
31 54
32-36 0

R(ohms)

POWER (w)

20.0

20.0

192.3
41.67
20.

27.7

o))
2%
.

ur

92.6

92.6

16

1.25
1.25
0
0

.25

.13

.60

.90

.90

.40
.27

.27




II. TEST PROCEDURE

A. PRELIMINARY SETUP

Test procedures for the ULM and the model were deter-

N

. How

. How

*  How
the

The last

it was learned one would be available for testing.

primary vehicle for this analysis.

The questions were:

mined by various limitations~--primarily equipment availa-
bility and facilities. Initially, che actual ULM was not

available for testing, and a model was presumed to be the

to fabricate the model to simulate the thermal
characteristics of the ULM?

to instrument the individual components?

to simulate the various conditions under
ULM would operate?

two guestions also applied to the actual

which

ULM when

For-~

tunately, most of the solutions to these problems were

equally applicable to the ULM, with only some modification.

Using an actual ULM case,

boards,

wired to

fabricated.

of thermal energy dissipation,

nents with 16 pins or less, DIP resistor networks

two unpopulated ULM circuit
the ULM technical drawings, and power consumption
rates--which were all provided by CDEC~-the model was

To simulate the individual components in terms
resistors were used as
neaters and scaled to the component's power dissipation
rate shown in Tables 1 and 2. For most of the DIF compo-

were

meet the calculated resistance required and then




mounted into DIP sockets. Required resistances shcown 1n
Tables 1 and 2, were calculated based on power consumpzicn
rates of individual components at 5 volts. Using the

relation:
! power = current * voltage
the current was calculated, and using Ohm's Law:
voltage = current * resistance

an eguivalent resistance was c& zulated for each component.
For DIP components with more than 16 pins, the DIP resistor
networks were not readily available. Therefore similar
resistor networks were fabricated using single resistors

- wired intc DIP adapters, Zorming an equivalent resistor
network. Covers were added to these heaters to simulate a
more even n1eat dissipation on the surface of the component,
and to maintain geometric similitude. Each component was

then placed in the exact position on the board as occupied

by 1ts actual counterpart.

Before beginning model fabrication, the dJdecision to use

type-T thermocouples for temperature measurement was made.
As the critical temperatures for all components were well
within the range o the tvpe-T (copper ccnstantan; thermo-
couples, and tihe tharmocouple wire and connectors were

readily avaiiable, tahis was a logical choice. Due to +the

i small area of consideration anc *» rinimize ii

[
w
ct
|9
r{
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®
n
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‘to the internal natural convection of rthe air, 30 zauce

wire was chosen for fabricating the thermocouples.

Next a determination was made concerning which speciiic
components were to be instrumented. This was based on
elements with the lowest critical temperatures and =:he
highest heat dissipation from Tables 1 and 2. Additionally,
thermocouples were placed on the boards, in the air gap
between the boards, and on the inside and outside of the
case to determine the various thermal resistances of the
heat f£low path. These locations are listed in Tables 2, 4,
and 5 and shown in Figures 1.2, 1.3, 2.1, and 2.2. The
thermocouples were fabricated in lengths of approximately
24 in. and connected to 15 £t. lengths of type T thermo-
couple extension wire.

The thermocouples were then calibrated using the HP 3054
Data Acquisition System and the Recsemount calibration bath
(see Appendix B). Two D~style 50 pin connectors used on
the ULM were also used on the model. One was used to
provide power to the unit, while the other was modified and
used as a passageway for the thermocouple wires. The modifi-
cation was accomplished by drilling out 8 of the pins in the
center of the connector with space to accommodate the
bundle of ihermocouple wires. A slit large enough for one
wire was cut in the top of the connector to the hole to

facilitate the removal and insertion of the thermocouple

19




Table 3

MODEL I/O BCARD THERMOCOUPLES (TC)

TC

61
62
63
64
65
66
67
68
69
70
71
72

MCDEL

COMPONENT/LOCATION

u2 bottom
u2 top

ul bottom
ul top

ulC top
ul0 bottom
ull bottom
ull top
ul2 bottom
ul2 top
ul3 bottom
ul3 top

CPU BOARD THERMOCOQUPLES (TC)

COMPONENT/LCCATION

u3 bottom

uld top

board bottom vicinity u30 and u35
board bottom vicinity ulC and ul?
inside wall of j2 ({(case)

inside wall of jl (case)

board top vicinity ul0 and ul?
board top vicinity u20 and u2é6
board top vicinity u30 and u3Ss
board top vicinity u27 and u32
air vicinity u30 and u28

air vicinity u2 and ull




Table 4

ULM I/0 BOARD THERMOCOQUPLES (TC)
ZE COMPONENT/LOCATION
53 ul bottom
54 ul top
55 ull bottom
56 ull top
57 ul3 bottom eprom
58 ul3 top eprom
59 ul3 bottom
60 ul3 top
ULM CPU BOARD THERMOCOUPLES (TC)

COMPONENT/LOCATION

u3 bottom

u3

air

air

top
vicinity u30

vicinity u3B




TC

45
46
53

77

78
79
30

NOTE:

Table 5

COMMON THERMOCOUPLES (7TC)

COMPONENT/LOCATION

J2 inside (case)
J1l inside (case)

ambient air for model runs after
13 AUG 1983--see note

ambient air for ULM on 12 AUG 1983-~see note

ambient air for all runs prior to 13 AUG 1983--
see note

backpack air for all runs from 12 AUG 1982--
see note

inside front wall of case
J2 outside (case)

J1 outside (case)

Changes to thermocouple locations were
required on 12 AUG 1983.

22
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wlres individually. The unit was made almost air =tichs

Dy packing the hole with silicon rubber sealant.
Power to the ULM was provided by a Lambda 60 vol=: mower
supply capable of voltage and current limitation. A Dana

Digital Multimeter Mcdeli 4200 was used to monitor and
adjust the power to the ULM/model, and check resistances.
For gathering data, the HP2054 Data Acguilsition System was
utilized. It consisted cf the EP3436 Digital Volimeter fcrx
reading compensated EMF values from the thermocouples and
the HP3497 Data Acquisition Control unit for controlling
data flow. An HP 2826 computer was used to control the
HP3054 and to store data on 5.25 in. Zloppy disks (see
Appendix A).

The svstem was set up as follows:

* A calibrated 2 ohm resistor was put in series with
the load (model/ULM)} +£o obtain accurate current
measurements for calculating input power.

- A junction bocard containing a switch Zor reading

the yoltages of the resistor and the load was
fabricated.
The schematic 1s shown in Figure Z2.3.

- Power to :the unit was controlled by the settings cn
“he Lambda power supply.

*  Temperature was measured by using the thermocouples,
the HP3054 system, and the HP9826 computer. The
schematic 1s shown in Figure 2.4.

The actual ULM circuit boards and a backpack became

available for testing at this point. It was then decided

that %he actual ULM would be instrumented similarly to the

25
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model. Unfortunately, the ULM could operate only 1in its
typlcal operating range, and thererfore could not be zestad
under max power ratings. An environmental chamber with
variable temperature control was available for use. The
environmental chamber had a maximum limit of 48.8C on
its control system and was the size of a small room--
approximately 40 square feet. This allowed the backpack
anéd ULM to be placed within the chamber in a stabilized
environment while being monitored and contrclled from
outside the chamber. The test procedure was 1mplemented
as follows:

* The ULM and model would be run under room temperature
conditions to test for proper operaticn of the systems
and to ascertain the operating characteristics of each.

* The ULM would then be installed in the environmental
chamber to determine the ambient temperature at which
critical temperatures would be reached.

- The ULM and data acquisition svstem were then trans-
ported to Ft. Hunter Liggett on a typical summer day
for testing in the ULM's actual environment.

The model then replaced the ULM in the backpack and
tests were again conducted in the environmental
chamber. This time runs were conducted in an attempt
to exactly simulate power and envircnmental conditions
of all the ULM tests.
B. CONDUCT OF TESTS

This section will cover the specific procedures of all
runs performed in the analysis. Data from the runs are

contained in Appendices D through G. 40 thermocouples

were assembled and divided between the ULM koards, model
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boards, the case, and external locations, which are listed
in Table 3. Programs were written to automate the data
acquisition process. All programs were in Hewlett Packarcd
Basic 2.0 programming language. Specific programs were
written for:

* Data acquisition and storage during the calibration
procedures. These are contained in Appendix B.

* Calculation and storage of second orcder polvnomial
coefficients for calibration corrections of each
thermocouple. This program is listed in Appendix B.
Data acquisition and storage of temperatures for each
thermocouple cf the model. This program is in
Appendix C.
Data acquisition and storage of temperatures for the
ULM thermocouples. This program is listed in Appen-
dix C.
The data acquisition programs for the model and the ULM
were interactive and required the following input:

+  Month, day, hour, minute and second of the star%t of

the run. This was required to set the internal clock
of the HP 3497 control device,

. Voltage readings for the load and the calibrated
resistor for calculation of the power and current
values.

+ The time interval for the wait between data se:s.

+  Number of data sets to be taken automatically.

The ULM model was first tested on 16 July 1983 in Halligcan
Hall, room 103. Using the setup previously explained,
the model was placed on its side on a wooden board. The

ambient temperature of the room was 24C (73F). The purpose

of the test was to:
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* Check the operation of the mcdel and the system.

* Obtain data for Zurther planning of test procedures.
After studying initial data, it was obvious some orf the
heaters were not operational. The overall resistance of
the system was approximately 3.1 ohms and was checked
before and after the tests. However, when power was applied,
some of the solder ccnnections were non-conducting elec-

trically. This required resoldering and reassembly oI the

model boards. The next test for the model was conducted on
18 July 1983 in the same location and under the same condi-
tions as the first test. Power was set at 10.71 watts, and
10 runs were taken at 60 minute intervals. Power was
increased to 15 watts--the maximum power level predicted bv
CDEC for their critical maximum temperature of 85 C. There-
fore, to prevent damage to the cocmponents, this test was
terminated. An examination of this initial data taken at
room temperature indicatad that if the ULM and the model
were to react similarly, the ULM would have problems
operating in extreme conditions.

On 26 July the first ULM test was conducted for the
same purpose as the first test on the model. However, this

test was conducted with the ULM instrumented and placed

- — 1

inside the backpack. The pack was placed in a horizon:tal
position in the same location and under the same conditions
as the model test. 10 readings were taken at 5 minute

intervals to cobtain transient temperature data. Power was
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set at 8.72 watts. Next, 8 readings were taken at 30

minute intervals to obtain steady state data. The settings
resulted in a power level of 8.71 watts. Since power could
not be incremented to maximum on the ULM, lower temperatures--
as compared to the model--were obtained on the ULM.

It was noticed there was a danger of cutting the thermo-
couple wires when inserting and extracting the module to and
from the backpack. Therefore it was decided to complete all
tests on the ULM before conducting tests on the model. The
environmental chamber was then modified to accept the
cabling for control of the power and thermocouples. It was
heated to 48.8C (120F), the maximum setting for the chamber.
For this temperature, it generally took 3 days to reach a
constant internal temperature; therefore it was decided to
start at this maximum setting. If this was too extreme for
the ULM it would be faster to cool down :the chamber than to
heat it.

On 1 Aug 1983 the ULM was tested in the environmental
chamber with the backpack in an upright position (this
would be the usual position when carried by an instrumented
soldier). 8 samples were taken in 5 minute intervals at a
power level of 8.09 watts. 20 readings were then taken in
30 minute intervals with a power level of 7.59 watts at the
same settings. The maximum temperature achieved was

78C (173F) on the CPU (u3). It was evident that none of
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the components would reach their critical temperatures
under these conditions at typical power levels.

The ULM's next test was conducted at Ft. Hunter Liggett,
Ca. on 12 Aug 1983. This was done to determine the effect
that solar loading in the actual environment would have on
the system. The backpack was placed in direct sunlight
on a concrete pad in a vertical position. This test was
started at 0800 hrs. and ended at 1500 hrs. on a typical
summer day for that region. Ambient temperatures were
taken from a location in the shade near the backpack. Scms
tests were initially taken to examine the sun's effect on
internal pack temperatures. 10 samples were taken at
5 minute intervals with the ambient temperature ranging
from 21.4C to 23.7C. Power was turned on, and 15 readings
were taken at 5 minute intervals at a power level of 7.93
watts. The ambient temperature ranged f£rom 24.1C to 29.1C.
Next, 10 samples were taken at 15 minute intervals with
power now at 7.56 watts. Ambient temperature for this run
ranged from 30.3C to 34.5C. Due to the changinc¢ direction
of the sun's rays, the backpack was reoriented to maintain
full irradiation by the sun. This required moving the
backpack off the concrete slab onto the dirt. 8 samples
were then taken at 15 minute intervals with power at
7.44 watts with no change to the power settings. Ambient
temperature ranged from 35.2C to 37.4C. Again none of the
components reached its critical temperature. This completed

testing of the ULM.
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Returning to *he Naval Postgraduate School, the model
was placed in the backpack and tests were conduc+ed in :zne
environnental chamber to duplicate--for comparison--

conditions of the ULM tests. On 14 Aug 1983 the model was

tested with 8 samples taken at 5 minute intervals and a
power level of 7.9 watts. Ambient temperature was at
43.3C for this run. Next, 20 samples were taken at 15
minute intervals at the same power level. ©On 15 Aug 1983
the temperature was set to 48.8C to duplicate the ULM's
run on 1 Aug 1983. B8 samples were taken at 5 minute
intervals at a power level of 7.91 watts. 20 samples were
taken at 15 minute intervals, with power now at 7.97 watts.
The final test run was taken--also on 15 Aug 1983--at
37.7C for obtaining data to compare steady state with and
without solar loading at the same ambient temperature.

15 samples were taken at 5 minute intervals and power set
at 7.72 watts. Next, 24 samples were taken at 30 minute

intervals with power now at 6.62 watts.
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III. EVALUATION OF RESULTS

A. RESULTS

Results are presented in this section with a summary of
the observations of each test followed by the corresponding
graphs produced from test data. The graphs depict the
thermocouple temperatures plotted against time with either
ambient or backpack temperatures, or both, shown for
comparison purposes.

The test on 1 August 1983 was concducted at a constant
temperature of 48.8C in *the environmental chamber. The
following are observations from data taken during these
runs:

None of the susceptible components reached its
critical temperature of 85C.

Max steady state temperatures achieved are shown
in Figures 3.1 to 3.3 and are listed here as:

ull = 77.2C

ul = 78.6C
ul3 = 72.8C
ul = 61.1C

Steady state was achieved at between 130 and 140
minutes after power was applied.

* Temperatures of internal and external portions of
the case are:

internal J1 (TC4i6)
external J2 (TC80)

56.0C
54.4C

There were no unexpected trends or observations

resulting from this test.

(a2
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The test conducted at Ft. Hunter Liggett experienced

ambient temperatures ranging from 21C to 38C and fluctuacad
due to occasional wind currents. This test bcgan at 0600
hrs. on 12 August 1983, and terminated at 1530 hrs. on the
same dav. The following was observed:

- None of the susceptible components reached its critical
temperature of 85C.

* Max steady state temperatures acheived are shown in
Figures 3.4 to 3.8 and are listed here as:

ull = 78.78C
uld = 79.16C
ulld = 78.4C
ul = 64.3C

* The internal pack temperature reached a maximum of
60.8C--22.8C above ambient--as a result. of sclar -
loading and internal heat produced by the ULM.

* Although steady state was not reached (due to ambient
temperature fluctuations), the effects of transient
heating appears to have taken between 130 to 140
minutes. This is due to the heating by the ccmponents
as opposed to external solar loading.

+  Apparently, moving of the pack disturbed the external
thermocouple (TC80) causing it to give spurious readings —
after 250 minutes as seen in Figure 3.5. This is most
likely a result of loose connections at the thermo-
couple connectors.

* The sudd: jump in temperature at 30 minutes (for TC's
54, 36, 55, 60 and 74) is a result of the power switch
being turned on. Temperature increases prior to 20
minutes are due 2nly 0 the effect of sclar radiation
on the backpack.

The first 15 August 1983 test on the model was conducted

in the environmental chamber 't an ambi. nt ‘emperature of

18.8C. Observations resulting from this tect are:




CIIED AT L |

OOy 0Ue OCE 08 OYc OonNg 091l 01l (813] ov 0
_af,;-ﬁl«.:;\ S el NS SRR AR :,l'dll;.A-WMWma oz .
e . i1
#4..%1..1. 1| ~
P s
: L oe
- + . P SN d -4 “u... 1.,
+ .4 . - Amu - m )
g -
 _ } ﬂcﬂx((s -4 or ﬂ |
(L) By warf.,.- _uu - _
(S5 > - M
- Omz.m.... -4 05 C Fr
: (LLDL) OV I a 5w J
No o @ . ot oy ™ h
fe) Qo 94 [ T ~ o
O o0 O FEANE B @) -t
S S - oa [ ! ,
n o (9+2L) JNI 0 “ ~ i
(SEAL) NI 0
hd ]
| -{ oz g h
| o~y i
:—
) i
- -{ 08 I o |
. 5 ,
[ 9%
Ll by b U d Ao 44 1) ps

€861 Y 71




b}

= —————— e s m

- e e e e e ———— ——— . — Y e e e T e T o T e e e o e T A —— T e - i T - e —

T AW
OO 0af OJE O/Z 0N s 091 0s! 08 Ov 0
Suiiin SR IR B | -.--:ﬁl.-J:.Iﬂ\!;..B. o<
iy
.13\7..1. _ ) R
e o .
- L e oE P |
»> + * v * v i * . Aﬂ~ ....«* m.q“ »QA *
+ 7 + + ¢ =~
/ oo k4
- (v (e {or T '
&mn& ! @
(pSILNIXT-, e ! > o |
154 [¢) o o ot . _ .- :
- e oo 9o Comlktt oS W ML t
. (&) [ S e e w
| (L) AoNd ..m............' m m oA
. .
3 Ao » . ® » ] DMU —ﬂ«“ ' ot
(6LOL)LX <
C
1
- -1 0L Tg}
T w
» ;
r .
- -{ 08 1 o]
“
T, ~
U B
Imﬂ-_ v 2t S DY WS I FUNR SRR R N o




a-,.x.;.lx|cn|l||||!|u|ll|--iloll! -lul-?l..l.q-||!||Izu|s1|a!..||iqll-'..
CNTIVD 3NTL
_ 00r Q9 O 082 Ove 002 0atr Oc¢t 08 ov @)
_ AN A S L L o2 o
.I-Ll..??..ﬁf ™
s
++A £
= S -{ o€ o
L -+ [¥]
“ N T - -1 ™
| * 4 -+ + ((1 m ] ["
“ \ :Y(l N -
! - (zeaw) @y DR B | o
“ o~ b i ] o
_ " 2 o ¢
- - ¢ ;
. v *» 0s pi o o
. v . e = " -
- - = I .M M
I - - - " :t 0 ! -
— - hat m 'd
- ; ...... 4 0g 0 “ -
(LLDL) XOvd - 0
o
i L 1o, 2
I S A d ™
8
bt " N Ms\‘ o
| (bLaL) €0 H
- 108 a
[ 7]
| S T DN SURN NN (U S B L1 .
! {861 v z1 06 1
m !
L_ J N

R e e e Ty S —— e o g ——— — e —— e P i S e T 1 T




r- - e e e e e e e T e e T e - e e e ——— T e — ———— —— —— — — ——— - ———— s - —— -~ —— o ——

" (HIW> WL
|
| O00r C9e OZE 082 Ore 00 091t 02t (8]5) ov 0
“ [ 1 JoUTTTrIUYTTTI TIOCCT O TTTTIYTT T 1 T 4 0c
_. .o.o.t??.??t»ﬂ_.r ,
1 IJ -,
_ .ou?.ﬁv o _A
- “+ -+ &..0..0.0..0. —4 Om nm;
_ + hd ™ .
_ - + s + T " - - - w(u. v
H A e + \\ > - ((t( —M ' ]
_ | _. ANEVg - N _ ot T - ;
| i ad n | o g
| RS A \ o~ .
_ («:3: - .“ -— 5
- -
- e - 08 C o
L) SO S I > i 5 3
cAhhfﬁ.v r/ . - h - P 5 m m
] ) - . o P L Nt - \0 x . ,
- - - ™ » » nulu b DD O ~
® noeon t\ o] - ;
. i 0 |
(ySaL) 1N 337 v -
| - i} o3 -{ oc . :
o = m :
522 9 5 D5 20529 » I
2 " i
_ - T -{ o8 -
(952L) 1IN - |
. ]
SN USRI DN SRS W N B | . 1 o *
€861 ANV TT ,
A
Ny
! .

b e e o e o e e e e e e e e e e e e o e+ e e e e o o et e e e o)




-

- ——

NIWY ANT L

Oo0r 0 00 0 otre 00l 091 001 0oa ov
T YT YT YT YT T O T T 1 i
e Wl
do&uo..x
- .o.?.?#..
p— + -+ -
* ES
+ T . + e ~
+ 4 o+ . - ~
/ e
- (ZLDL) Y g -
'((- ®
- T -
.oz o
A @
- . . L - Q
(LLDL) ADNd
Q @
- 3@9520_‘/00 OOCOOOOO -
Poea” /
(8SIL) WM
ﬁn
ht NN NS SN S 1 1 1 )] ]

€861 W 71

0
(0134

oy

09

oL

o8

08

C=205 =MLl VveEEdW3l

«

- e - e s ———— —— e —— T T e sy

_
|
|
|
m
|
|

gzapn S.

12 AUGUST 1381

Jur= 3.4

-2
o -

42




* None of the susceptible components reached its criticail
temperature of 85C.

- Max steady state temperatures achieved are shown in
Figures 3.9 to 3.11 and are listed here as:

ull = 76.11C
ul = 66.80C
ul3 = 77.54C
ul = 84.58C

* As a result of internal heat produced by the ULM, the
internal pack temperature reached a maximum of 54.8C--
6C above ambient.

-  Unexpected temperature fluctuations occurred at 45,
120, and 300 minutes on TC's 42, 64, 68 and 72. Since
the only thermocouples experiencing tnese fluctuations
were attached to powered components, this may have been
caused by a power fluctuation of the power supply.

The seccnd test of the model on 15 August 1983 was
conducted again in the environmental chamber set this time
to an ambient temperature of 37.7C. Observations from this
test are:

- None of the susceptible components reached its critical
temperature of 85C.

Max steady state temperatures achieved are shown in
Pigures 3.12 to 3.14 and are listed here as:

ull = 60.22C
ul = 52.33C
ull = 63.60C
ul = 68.78C

As a result of internal heat produced by the model,
the internal pack temperature reached a maximum of
41.1cC.

- Steady state was achieved between 80 and 120 minutes
after power was applied.

Unexpected temperature fluctuations occurred in TC's
53 and 68, between 5 and 15 minutes. These fluctua-
tions cannot be explained.
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- Unexpected temperature fluctuations occurred in all
thermocouples between 50 and 80 minutes. It appears
that all the fluctuations lag slightly behind tha% of
the ambient air fluctuation. An actual change in
ambient air temperature would have this type of Jelaved
response. Since the environmental chamber was not
monitored continuously, the door may have inadvertently
been opened, or there may have been a short loss of
power to the heating system of the chamber.
B. DISCUSSION

The ULM and backpack will be subjected to ambient envi-
ronments ranging typically from 21C to 38C during the warm
summer season. Solar loading--tvpical of a Ft. Hunter
Liggett summer day--cculd add 22C higher environmental
temperatures within the backpack resulting in a higher scress
experienced by the ULM.

Energy in the form of heat will naturally flow frcm a

hot element to a colder one. The rate of heat flow () is

proportional to the temperature difference (.T) and

th

inversely proportional to the thermal resistance (7) ¢
the medium through which the heat is flowina. This

relationship is:

Q = (T)/3

In the ULM--as in most electronic eguipment--most of
the energy used to power the equipment is converted to
heat, causing the equipment temperature to rise. The
temperature will continue to rise unless the heat can be

removed. In the ULM, the power Input to the mcdule is the




total energy that must be dissipated. In the case ¢f the

ULM, the ultimate sink for thermal energy is the air ou=side
the backpack. Both the air inside the backpack and the
backpack 1itself, can be considered local sinks through
which all energy leaving the ULM must flow [Ref. 4].

There are three modes of heat transfer at work in most
systems:

* Conduction refers to heat transfer across a medium
resulting from kinetic energy interchange between
molecules or by electron drift [Ref. 5]. Conducticn
can occur in a solid, liguid, or gas and is the only
?ode ofjheat transfer occurring in an opague solid

Ref. 4.

* Convection heat transfer occurs at the interface
between a solid and a fluid at a different temperature
when fluid motion is present. The fluid of this
analysis is air. Motion caused by the density differ-
ences associated with the temperature variation within
the £luid is called natural convection. Motion caused
by external methods is forced convection. In this
analysis the only forced convection is when wind is
present [Ref. 3].

- Radiation heat transfer refers to the energy emitted
by matter in the form of electromagnetic waves. Given
two curfaces at different temperatures, each will be
emitting and exchanging thermal radiation. However,
the net radiation exchange is in the direction of hot
to cold and will continue until both surZaces are <he
same temperature. At this point the net radiation
will be zero [Ref. 6]. The net radiation occurring
between two bodies with similar surface material, 1is
a function of the intensity which varies with the
viewing direction between the emitting surfaces. Thus
the energy transferred from one surface to another is
a function of the area of the receiving surface "seen"
by the emitting surface [Ref. 5].

The primary heat flow paths of this system are:

- From each component to the ULM case via convection
and conduction.




+ From ULM case to backpack by convection through the
air, by conduction through the backpack frame, ancé
by radiation.

- From backpack to ambient air via forced and natural
convection, and radiation.

Because oI the geometric positioning of the compcnents,
radiation was not considered as playing a very significant
role in the component to ULM case heat flow path. The
dissipating elements are flat DIP devices whose sides make
up a small proportion of emitting surface. The greatest
surface area is the top oI each component. When assembled,
each of these surfaces is facing another dissipatincg
surface. This would have an effect of heating the lcwer
temperature device, but as both are power dissipators, the
net effect in terms of energy dissipation would be
negligible.

Natural convecticn and conduction would be the primary
heat transfer modes of energy transfer from the component
to the air. Since the ULM was hermetically sealed, the
only fiuid motion would be caused bv natural convection.
The dense packing of the components leaves little room Zor
temperature gradients to occur between ccmponents on the
same board. The space between the boards and the top
surfaces of the components vary with the component. Scme
components would act as barriers to air flow resulting £rom
adjacent components. Unfcrtunately, all high power dissi-

pating components are clustered at one end of the ULM.

ul
o




Additionallvy, the hot components of the I/0 bhoard directly

face the hot components of the CPU board. Since the air is
being heated from two directions, the cooling effect oI the
air on the surface of each component is reduced. Thus, due
to the geometric configuration andé high concentration of
nigh power dissipators, it 1s postulated that much of +the
advantage in ccoling achieved by natural convection is
offset by the dual heating effect. This would leave
conduction as the dominant heat transfer mode within the
ULM.

Conduction within the ULM will occur from component ¢
air to the case, and compcnent to board to the case. Since
the boards are separated from the case by electricallv
insulating gaskets, most of the ccnduction will take place
from zoards and components to the air--then to the case.
With the available data, however, it is impossible to
guantify how much heat is conducted by the bcards to the
case compared to conduction from the compcnents to the
case.

Ideally all thermal paths with their individual
resistances would be calculated. However, the complexity
of this device and amount of instrumentation reguired for
this -ype of analysis made such a task impractical. It

would have required calculating not only the path of the

energy from each component to the ultimate sink, but alsc




the effect each of the other components would have at eacn
temperature along the path. Even 1 the device coula be
instrumented to determine all of these temperatures, the
individual power dissipatling rates Zor each component oI
the actual ULM would have to pbe availakle. This data was
not available. Unfortunately there is little correlation
between the behavior and resistances of IC components and
the resistors used to model the components. This is
because power dissipation in the IC components is

requency Jependent and not based soulely on voltage supolied

th

to and the resistance of the component. This is the case

for the model, which is made oI resistors having a £ixec

value. Thus little correlation exist=zd between the actual
component and its model, in terms of individual power
dissipation. Xnowing the total dissipation of the ULM

anabled calculating an equivalent *hermal resistance Irom
the internal backpack air to the ambient air shown in
Figure 3.13. These calculations are based cn the following
assumptions:

- The temperature measured inside the backpack is assumed
o0 be representative of the average value of the air
within the backpack.

* Heat dissipated by the backpack frame directly to the
ampbient air is assumed to be negligible compared o
the heat dissipated by the internal backpack air
through the canvas to the ambient air.

Using data from the environmental chamber on 13, 14, 15

August, 1983, and the relation:
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Q = <-/iT

Theta was calculated as 1.86 C/W for the test of 12 A~Aug 3:3.
Therefore, since the total heat within the pack was the sum
of the ULM load and the solar lcad, the solar locad was
calculated as 29.67 watts. This is as if in the absence

of solar loading, the ULM--at 8 watts--was joined in the
backpack by an additional unit of 30 watts. This is a very

significant additional thermal stress

C. CONCLUSION

Operating under typical power consumption rates
(approximately 8 watts) under design environmental condi-
tions of Ft. Hunter Liggett in the summer, all internal
components were measured to be below their specified
critical temperatures of 83C or nigher. The design condi-
tions meant here are:

- An environmental temperature range of Z1C tc 38C
(70F to 100F)

- The ULM mounted in a backpack

- No additional internal heat sources

+  The backpack in direct sunlight

- No wind.
However, operating under these conditions causes several
of the components, whose critical temperatures are 85C, to
be within 5 to 10C of that limit. Therefore, anv slight

increase in power over 38 watts, or increase in ambient
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temperature above 38C, could cause one or more of the
components to exceed specifications. Then reliabiiity

of the system could not be predicted, and would be sub-
stantially decreased. Conversely, the absence of direct
sunlight and/or the addition of wind would have a bene-
ficial effect on the ULM by decreasing the thermal stress

on the unit.
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APPENDIX A

ECUIPMENT LIST

The following is a list of the equipment used for this
analysis:

Thermocouples were made Gf copper-constantan,
30 gauge, teflon coated thermocouple wire.

The HP3054A Automated Data Acguisition System was used
for data acquisition which consists of:

HP3497 Data Acguisition Control Unit

HP3456 Digital Voltmeter for obtaining data
from the thermocouples

* The HP9826 Desktop computer was used to control data
acquisition, storage of data, computation ané display
of data.

The Lambda 60 volt power supply was used to provide
power to the ULM and model.

- A Controlled Acoustic Environmental Chamber manufac-
tured by Industrial Acoustics Company Inc. was used

for simulating ambient temperatures up to 48.8C (120F).




APPENDIX B

THERMOCOUPLE CALIBRATION

The following is a list of equipment used during cthe
calibration of the thermocouples:
- Rosemount Engineering Model 920a Commutating Bridge

Rosemount Model 162 Platinum Resistance Temperature
Standard

HP3054 Data Acquisition System
- HP9826 Desktop Computer
A computer program listed on page 62 was written for the
HEP9826 to:
* Read emf values from the thermocouples
* Store the emf values in a data file

* Convert the emf values to temperatures based on a
reference relative to platinum at OC.

Compare these temperatures to temperatures obtained
from the platinum resistance standard.

A second program was written to fit a second degree polyno-
mial to the comparison above and for obtaining coeifficients
to apply to each thermocouple. This program is iisted on
page 63,

The thermocouples and the platinum resistance standard

were placed in the calibration bath. The temperature of the

bath was cycled from 10C to 100C and back to 10C. Tempera-

ture measurements wers taken at 20 Jecree increments
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ascending and descending the scale. Coefficients correcting

the thermocouple temperatures to the standard temperatures

were calculated and listed on pages 64-67,
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APPENDIX C l
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EIUEAE - N1 DU ) SUSY S ]

- Lt
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NEXT

PRINT

ORINT ULM 11, Ut LS -EPRGMICHPY

SRR WCT AL

FOR 1.2 Q09

QUTRIIT TRO . “ns GRY

ENTER 722:Ear 0y

IF Emd D¢ . QUDCY THEN 4R4
CALL “wewecar s I tclny
TrteZme ")

TC o asNTam(TH, ()

PRIMT Ty, teas |

NEXT |

PRINT ™ ™

¢ OPRIMT .0 wCDEL C.dN . UL

'READ 1/0 20ARD TEMP
EAR Te 9 TO O

guTetT 0% tas GAY

THIER 2057

IF Emi(1)C.gC001 THEN SCN
IRLL Tvev(Emrcl) Ear i)
Tv=imi (D)

[ S T R T RN

t O OPRINT Ty, lelr O

qE(T |

PEINT

[

Jroanr

PRITNT oM Y TNTTNNAL AN TRONT Ll

'REQD ACT B0ARD TemP
FOR =32 70 37
NUTPIIT 709:"AS SR
eNTER 702
IF Emi Iy, oniens TuoM S50
CALL TwswtEnf U] Emr il
Trefmét ()
TCT)erMTam( T, D)

PRINT T(1) Jeat

NEl |

peInT o

POINT “CYTEIMAL HOX TEMP®
tRFAD QUTTI0E BOY TEMP
FOR T-i@ ™ 9

QuUTePyYT 709747 TR

ENTER 222:fnmé (D)

IF Emé (e qunnt THEN SRS
CALL Tuesvttmf 1) Enficly

69
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‘g tmODEL

0 SVERSION 12 AUG ''i83

29 fTHIC IS A MODIFICATION OF A FROGRAM HRITYEN BY A, <ANNIARACH(HI FOR GENER
| AL USE ON THE WP3044
130 £ t DATA ACQUISITIOM SYSTEM.MODIFICATIONS DONE BY H. NEEBLER FOR TESTING ON
TTH

.40 LN, |
5S¢ COM /Co/ AL29) ,B(3D),CH39r.D(D)
60 DIM Emi(29),T(39) ,Emf 1 (3P

9t ASSIGN sCoe 10 "COE™
2 FOR 1«0 10 39
93 ENTER sCoe:A(I) ,BCD),C(D

- 94 NEXT 1
95 DATA 0.10086091,25727.94369,-7/67245.22
15 DATA -9247486589.6.97688E+11,-2.66192¢€
106 REARD De(=»
10 BEEP .
' PRINTER IS 701
130 CLEarR 709 .
13 INPUY UENTER RESISTOR VOLTAGE™ .Rw
132 INPUT “ENTER LOAD VOLTAGE™ .Lv
123 AmpeRv/2.0
1134 FowenmpelLyv

© 125 PRINT * “UDEL OF L
137 PRINT “RESISTOR VDLTAGE=" Rv,"VILTS"
1239 PRINT "t JAD JOLTAGE=~ "L lv. VOLTS”
129 PRINT “CURRENTe "L Amp , T AMPS
rug PRINT "0 JkER= * . Pow, "WARTTS™
141 INPUT “ENTER MONTH DATE., AND TIME (MM:DD:HH:MM:SS)" T .me$
150 CUTPYT 705:"TD" . TimeS
150 8rLE?
170 INPUT “ENTER INPUT “ODE( 1+ 30S54R-AUTH, 2=FILE 2=MRNUAL)",Im
‘ge IF Ime2 THEN
1} pEED
] INPUT “CTHTER NAME TF SXISTING 2ATA TILE™ . 0idf:ed

95.7302%595.81
«13,3.34078E14

o PRINT USTNG 'OX,""7TeISE RESULTS ARE FRUM DATA FI V", "0R" Dicéiied
223 ASSIGHN e ile TU Jiafiesd

220 END IF

Qan if ‘me?' SR Im=3 "rEN

259 3gEe

29) TMRT UME L NATA TTLE CNAME? Neuwi; le3
270 (REATE 3DAT Newfile$.al

2340 ASSIGN #F 1ie 70 Newfiie$

281 INPUT “enter number of sampies™, Tt
lez? THRUT TENTER WAIT TIME IN SECT,I_time
g END IF

300 5EEP

2:0 J=0

3% JUTPLUT 7(03: AR aFaQ AL taer

40 QUTPYT T22 P ORY T 2% FLt

250 Jeue

268 IF Imet 2R Im=J TwfN

361 ‘READ TEMP F BOX WALL (INSIDED

362 PRINT ¢

364 PRINT "TNSIDE BOX WALL TEMP(AS,.45)"

365  PRINT “CPU-U3,BOARD(BOT/TOPY™
373 FOR T-9 0 9

380  QUTPYT 709:"RS SA™

290 INTER 722:tmf(])

70




394 IF Exf(12<.00001 THEN 402
399 CALL Twvsv(Emf(]) EmflC]I))
396 Ttefmft (D)
397 T(I)eFNTem(Tr. )
398 IF [»S THEN T(1)=0,
qu0 IF 1=5 THEN 402
a0 PRINT T¢Iy, 1481,y
402  NEXT [
403  PRINT “INTERNAL AIR TEMP/AMBIENT(SI)™
410 1READ AIR TEMP MODEL
a2 FOR =10 10 12
410 NYTPUT 209:"AS GA"
440 FNTER 222:.Emi(])
a4l IF EmfcIdC. 0001 THEN 4S50
442  CALL TusviEmf(I) Zaflc¢I))
a43 Tt=EmfF1(])
YY) TeDerNTem(Tt , D
445 PRINT T¢Iy, 141,
450  NEXT 1
&51 PRINT = = .
452 vt OPRINT ULM Yt Ut UYZ-ERROM/CHIPT
454 'FOR ACTUAL
455 TQ0R 1«12 10 '3
456  CUTPUT 709:"AS SA”
457  ENTER 722:Emf( D)
455 IF Emf(])<, 0000 THEN 4h4
159 CALL TvevtEmi (1) . Emflci))
469 TesEmfic¢ D)
a5 t T arNTemt T, 1D
462 t PRINT T(Dy.leat J
a64  NEXT !
agsS  PRINT * v
465 PRINT I/0 ~GQEL 2.t U@ Ut ur2.u 2
an? 'READ 1/0 BGARD TEMP
4’0 TOR !s20 7O 31
480 JUTPUT 709;"AS SA™
490  ENTIR 722:Emii D)
49 IF Emf €. 5000 THEN 500
ang TALe Tvev(Imi Iy Ear ey
4932 Teetni * (1)
avaq TCDY=ERTem T D)
Q9% PRINT T¢1y [+4*
500 NEXT I
501 PRINT =
53¢ vOPQINT M i, INTZRNAL AIR™
510 'READ ACT RBOARD T[MP
$C FAR 1«32 70 37
530 QUTPLT 709;"AS SA™
5S40 SNTER 722:E8Ad )
541 IF Zmé<¢ 1)< 20001 THEN SSC
542 CALL TusuwtEmiCl) Eme (1))
563 TeeEmér ¢ T
Sug t T e FNTemd Tt D)
345 YOPRINT TCl) . iest L
27 NEXT D
5 TeafEmft(3R)
552 TEIRIRFNTen( T, 26)
€85  PRINT “CYTERNAL ROX TEMP™
356 *QEAD JUTSIDE BLX TEMP
<57 FOR 1=22 70 29
71
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e
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s
L G N Te T,

PSRN ARV FIVE P

PR T 2 RN £ SRE RN B9 L R LRN4) VU
oD

L e 40N g e T L
-1

- -

i
>va
FAR]
730
T4
g
7‘*(‘
ST
780
ARD}
3un
Sy
720

ra¢
%0
2R

380

Trefmd ()
ToivesNTemeTe D)
ORTNT T¢Iy, e
NEXT ]
AYTPUT W iie:fafte)

ELSE

INTER #F 1le:Ime(e)

END IF

SQINT ¢ .

ORINT “QMRIENT AIRe COTOLRY VT

PRINT “SUMMARY"

.maxs=t

FoImet OR Ia=23 THEN

Tmax=

TOR [eg T3 39

PPRINT T(I), Tedt o

FOTeINd>Tmax THEN Tmax=i¢1)

17 Tmax=iCI» THEN Jnax=

NEXT T

DQINT "THMAX«" Tmax,onax+4!

QutPyT 709:"70"

SNTER 709: T imes

BYINT USING “'0X.""“onen. JATE, 4ND TIME: Mt SAT T ineS

[ Ims3 THEN 705

7 (gety>[t THEN TU!

C Tmax>.250 THEN 7?7

~ALT |_*ime

IF Tmax<250 THEK 350

AL

INPYT "enter | tor new data, I to end”.rlag

IF Tiaqge) TREN 250

uTPT T8O

ENTER 709:7T,meS

PQINT SING *'0X.DD.""<ata runs are stored 7 pLett L tnat L el el
PRINT USING “I0X.""Montn, DARTZ., ANHD TrMs Ut 15AY T I mey

ZND

SUB TvewiV. T2

ca» Co/ A(29).8¢39) .79 . D¢

Sum=j

FaR len TA T

Saarsumedt eV |

NEXT 7

Te(Sumed/5)+32

SHREND

Yigic SONCTION ISES CALIERATION COETICIENTS
1T ADJUST THERMNCUUPLE FLADINGS
JEF fNTenmdT. 1)

COM /Co/ AC29) U2 17D DT
DeltasC () elw(BC)+Ter (1))
TeTs(lnlta

RE “UKN T

FNEND
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A. LOCATION:

1. Backpack placed in the environmental chamber
2.

C. CONDUCT OF RUN:

1.

APPENDIX D

ULM DATA RUN 1 AUG 83

Root Hall, Room 107

B. CONDITIONS:

in a vertical position.

Initial temperature: 48§.3C

Part I - 8 samples were taken at 5 minute
intervals.

Initial electrical readings were as follows:
resister voltage = 3.053
locad voltage = 5.3
current (amps) = 1.
power (watts) = 8.0

53

Part II - 20 samples were taken at 30 minute
intervals. Electrical readings (same as set+tings
as part I) were as follows:

resistor voltage = 2.83
load voltage = 5.27
current (amps} = 1.44
power (watts) = 7.59
i
73 )




THIS DATA

TIMECMIN) TC

610

IS FROM
= S3

.8441040266
.05191633235
.95872541%4
.34840734773
L41577101343
.2440257037
.9340346794
.500372!356
.54730% 3'
.7460333

. 26565858 65
.84&78“ 22

1453 3345

.2“1295348&
.25742%655%2
.289637206

L27216n232493
L2620255163
. 2239208589
2666443408
. 356509604

LAL175218685
.5292360637
.57395?4573
.EB0SH T
L11221604n
LTER4RIT3CE
. 7825982673

2908

1 AUG 83 -ULN

74

54

.95C1080717
.254263252%
. 1843375833
.5005109174
.5551730143
.3723415172
6. 0524698763
616913
2542420832
L8443279125
L3427350172%3
.9421387930p
21522
.32916216d1
.3475825413
.3913285744
.3775143962
.353094377%
.3222%43706
.35679.220¢3
L4511861797
.5262%

1362

44852

74277
6284202323

.6897583763
.7595344317
.8148025°23
.353912117

.8907187325

TC= 55

147022627319
.ESS4d 72z

. 1962207395

.8282306294
.3791736115

.lsu_Oﬂ 453
8341725

.U"\I.IDIU‘A‘)

. 1740524704

L1842R74630
.°“7 5261577
. 7% Q!C“_‘
.‘OAGS G
CB4R4L73222
,313988 3547
LaG139104a:
L48902L 65,
577965742
.8298427%15
L0204z 12
V7506422735
.’989823274
2.8260407%5

Reproduced from

best available copi&




|

TIME (MIN) o <6 C= 57 C- =8 i

0 59.264R63 1061 S4,2242673643 $3.6747657623 ‘

S 64.7564593407 62.7162743992 61.964129,5 % |

10 67.2689145273 56.4822041173 85.5353754F 13

15 68.860682052 62.5173772 67.572655252%5,

20 70.0040787045S 59.3221577964 62.85530%7413

25 70.8941117783 70.768429091 * 63.796509342%

30 71.5384427720 7% .4963408179 70.505011 2635

35 72.1238975222 720541004269 71.06351536232

a0 73.1031758465 773.0521289953 2.026307948€6

70 74.2541154087 741944648021 73.181325555

100 74.5382267736 74.5413138627 73.636537536

130 75.8216159961 75.8316595 327 74.73543190 4

160 76.096267714 76.9940935074 75.03916£3635

190 76.2130006292 76.2015332501 76,157 402527

220 76.2282141 157 762352177545 76.137315169¢9

259 76.28790¢9042 76.407757516 " 7€.3240150507 ]

220 76.3901489579 75.407767516! 78.32757030 14

310 76.3632427545 76.3965645025 75326451457

349 76.326337332 76.353291 11304 7€.28281550 " 7

370 76.38342277 4 76.392083235" 75.326551677

400 76. 4536434249 76.4727402437 78.3937640443

430 76.5403672793 76.5630675732 754348715300

460 76.62999331 74 75.5317335916 75.5664977 AT

490 76.697220 346 76.7056904313 75 .627055479"

S20 I5.744537137 7R.7661528535 75.5898432° 12

550 76.8137452402 76.828R4315° 3 75.745308 1 A6

580 76.3518316351 75.3646710777 75 .7929%u44847

610 76.8787147817 76.893775E215 75.30863954: %




TIME(MIMD

550
610

o i~ e

TC= 59

?.92’0299394
89.119637197
62. 080a306ﬁu“
83. 85o53b018k
§5.064577772
65 955‘7“‘57:

5.5653596017%4
S7.2038531594
58.!977063"3
£3.3273030a2
£3.30204aua's!

70.7756634538

02899412173
71.1488353453

1.1759664375
71.31338603777
71.20029940S3
71.298038647C2
7%.2709136744

71 .300299G15%
71. ‘77‘440232
71.&670 J143
7. ‘ﬂbS“bUCha
?1.6031ﬂ8€333
71.5753982267
?1 7”960Qd3°r
7/4(‘—’\'7

71 80640099J\

-
e
[}

53
59
62
od
35
6o
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OO NI~ TG

50
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TIMEMMIND TC= 74
0 57.758527787 49.7411491201
S 64.2325309951 £3.3177245146
10 56.71852112:9 55.2661522747
15 68.1463249777 56.5582684882
2 69.1303059723 57.532370%5708
25 £69.8995147037 58.3150763113
39 70.5159637076 £8.939541499
35 70.9937168594 59.4640231923
40 71.896079%5:7 653.3952713992
70 2.34535235545 1.5013244n
100 3.3586132035 51.3953630317%
130 74.52773724097 52.7636033272
160 74.75%0454793 £2.0095264267
190 74.8557277372 52.12987254
220 74.,363228C44: 53.1426415153
250 75.0445773522 53.216065790%
280 75.0333385579 ©3.2222488273
310 75.0108604456 53.1977106246
340 74.981637%645 53.174755344
370 75.0228843036 " £3.22S2431545
400 75.1187477508 33.29865631004
430 75.1974031172 £53.299535223;
469 75.28272347495 53.4752790S5
490 75.3524357326 3.54177270%2
520 75.4063506383 63.£0597438(9
550 75.466392%4C25 63.58747549G2
580 75.52314321a1 52.7127267431
610 75.5366244372; 63.73206854862
77

TC= 5

49,441 228382K2
S1.9827399 2
53.8479377463!
S4,6R3%°45712
$5.534%046h34
Sn 2408 Gans7
ER.31S29(132748
57.2931132.:7%7
S3. 1315 RLS R
59,29525¢:
S9.3%6 R 21227
60.371874E3
£3.51n1 28 3R2
KO .7V 7LD
AL TANESNAE 30
AR N R
60.79122° 2
nd.27%a7F)
KO .7S4 %
50,720 . .
Bl .71 i
54y.37"° A
65,3825 57 1R
PRI PO e
51.108744702%:
B1L175A%82472
£Y.23792E592¢
R1.23R1507606
61.2576535774




TIME(MIN TC= 77 1C= 78 TC= 73
0 48.0603555101 47.36845079336 47.35082274R%
5 483.1074329593 48,7p47132126 7.386155%40"
10 48.130370°372 49,53209355348 48, )3%6 178245
15 48,1262628242 50.3891712085 48.06358%353 7
20 48.1427284133 51.0620153223 ﬂ8."?"ﬂ7"dh
25 48.1333238536 S1.6427208257 48. 141592 -
30 48.17049811454 52.'3633%3671 48.’q“’9:d’0“
35 48.149799235" 82.55474654523 a?.’88ﬁ3h‘7T5
40 48.1351013649 S3.54529%8265 .::f?"’“.“
70 48.1963630375 54.29931 13743 -
100 48.21563582073 54.,7049725246
130 48.281584530.: 55.1098415055 ao.UbS“ci
160 48.24393431 | 55.226117537¢ 48.2971426053
190 48.1709811454 S5.4144647374 4%, 3457320375
22 20, 10EN7Q1Q0 85 ,4214389%42 4g 261R7ONTS
250 47.94499326902 55.41R789472¢% 48.74R€57 1234
280 47 .9661284931 55.4022403177 4g.1az4a75: 27
310 47.862536"' 31 55.379592559% a2 §SSrnasa’
340 48.067417286 55.’633781?83 48 ., '674%4a72 4
371 48.2S57006C251 55.4260387 48,325234307
409 438.335717433! SS.SGD‘ZCZOQ 48.,42€4487 1225
433 48.4580332572 €5.5257652113 49.30381,47‘
460 43.,4627377324 SS.5678044%17 43,34491124227
490 43.50742876553 55.7338344763 43.3217577%00
529 48.535%41 229 5%.21417533704 48.5227324% 04
550 48.64613291y 5.3722527257 48,767 e
580 48.6297222842 S5.9140625555 48,7246755 70
610 48.6033548485 55.921030571 48.712508224
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400
430
460
430
52

SS0
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APPENDIX E '

ULM DATA RUN 12 AUG 83

A. LOCATION: Ft. Hunter Liggett Ca.

B. CONDITIONS:

1. The backpack was placed on a concrete slab cutside
in direct sunlight in an upright position.

2. Initial temperature: 23.8 deg C

C. CONDUCT OF RUN:

1. Part I - 10 samples were taken at 3 minute inter-
vals. Initial electrical setting was at zero to
check the effect of solar radiation on the internal
temperature of the backpack.

resistor voltag 0.0
load voltage =
current (amps)

e:
0.0
= 0,
power (watts) = 0.0

0
2. Part II - 15 samples were taken at 5 minute
intervals. Electrical readings were as follows:

resistor voltage = 3.05
lcad voltage = 5.21

current (amps) = 1.52
power (watts) = 7.93
3. Part III - 10 samples were taken at 15 minute

intervals. Electrical readings (w/same setting
as part II) were as follows:
resistor voltage = 2.86
locad voltage = 5.29
current (amps) = 1.43
power (watts) = 7.56

30




Part IV - 8 samples were taken at 15 minute
intervals. rientation was changed to maintain
the direct nature of the sun's rays. This
caused the backpack to be moved to a position on
dirt rather than the concrete slab. Electrical
readings (w/same setting as part II were as
follows:

resistor voltage = 2.82
load voltage = 5,28
current (amps) = 1l.41
power {(watts) = 7.44
81
>~




S DATA 3 71N

12 AUG 83 -uLM

—»!!IllIllll!!!!!!!E!IIIlIlIllllIllII.--.------.--u-r-——_“

TIME(H TC= 53 TC» sS4 TC= 55
Q 34.7605“’0613 24.8202072184 24,.530%653' 273
3 25.77°03%A 82 25.8572%'57%44 Qs.ou %1«-'3‘
(S 26.74534R 170 26.3322321355 26.640.756652
E] 27.689837447? 27.7654572 >4ﬂ 27.8562 75207
12 28.5606%70158 28.5505%70R14 29, aany 0t aE?
15 29.405823R4ay 29,4963432507
18 30.2536477.2 30.3452y53a32 'S
21 31.071612874S 31.1623%245%5 LS7S
24 31.865aNS4%SEn7 31.,8537137737 20758
27 2.5%403122%5 32.6772LEDRS 32,574 D
35 34.,25%42'3 04 34, iﬁf’U_Oh al [ Gk N
49 27,9767 23757 27 .89222¢873: 68 .55 2Ll
45 a0..805449779 411.5653570° S~ 50.750 RN
50 42.0 2535235°5 126750352645 54.08%8 2T 00-
55 44 .,216207°732 44, 4484k 1138 R RO L
60 45.75706J525a 1S . 3723088722 §7.5202=4070
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APPENDIX F

MODEL DATA RUN 15 AUC 1983 (48.8C AMBIENT)
A. LOCATION: Root Hall, Room 107

B. CONDITIONS:

1. Backpack placed in the environmental chamber
in a vertical position.

2. ambient temperature: 48.8C

C. CONDUCT OF RUN:
Fart I - B samples were taken at 5 minute intervals.
Initial electrical readings were as follows:

resistor voltage
lcad voltage = 5.
current (amps) =

.53
power (watts) = 7.91

Part II - 20 samples were taken at 15 minute intervals.

Electrical readings (same settings as part I, were:

resistor voltage = 3.1
load voltage = 5.40
current (amps) = 1l.55

power (watts) = 7.97
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APPENDIX G

MODEL DATA RUN 15 AUG 1983 (37.7C AMBIENT)
LOCATION: Root Hall, Room 107

CONDITIONS:

1. Backpack placed in the environmental chamber
in a vertical position.

2. ambient temperature: 48.8C

CONDUCT OF RUN:
Part I - 15 samples were taken at 5 minute intervals.
Initial electrical readings were as follows:

resistor voltage = 3.27

load voltage = 4.72

current (amps) = 1.64
power (watts) = 7.72

Part II - 24 samples were taken at 30 minute intervals.

Electrical readings (same settings as part I) were:

resistor voltage = 2.8
load voltage = 4.73
current (amps) = 1.40
power (watts) = 6.62
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